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Abstract
Energy efficiency of a range of domestic appliances covered by 
the labelling and ecodesign directives has improved significant-
ly over the last 15 years. However, the power consumption of 
the German residential sector has remained relatively constant 
over this period. Besides other factors, such as decreasing aver-
age household size, the main reasons for this development were 
the increases of the types, features, size, equipment stock and 
usage times of appliances and devices in private households. 
The project “Energy Sufficiency – strategies and instruments 
for a technical, systemic and cultural transformation towards 
sustainable restriction of energy demand in the field of con-
struction and everyday life” investigates how the complemen-
tation of energy efficiency with energy sufficiency could lead 
to more user adequate domestic products and product-service 
systems and thereby result in an absolute reduction of power 
consumption. 
In this project, energy sufficiency is defined as a strategy to 
reduce energy consumption by three approaches: 
1. Quantitative reduction of sizes, features, usage times of de-
vices etc.
2. Substitution of technical equipment in households by e.g.
urban services.
3. Adjustment of technical services delivered by appliances to
utility needed and desired by users.
The energy saving effects of an application of these approach-
es were modelled for different types of households and the 
energy saving potentials of energy sufficiency quantified. 
Innovative approaches for user adequate products and ser-
vices were developed in open innovation workshops by the 
Design Thinking method. The paper summarizes some of 
the intermediate results of theoretical and transdisciplinary 
investigations of the project that runs until May  31, 2016. 
Furthermore, a first set of design criteria for user adequate 
appliances enabling energy sufficiency are developed based 
on these results. The paper concludes with suggestions for the 
future development of energy labelling and ecodesign derived 
from the design criteria and supplemented by examples of ex-
isting requirements according to the voluntary environmental 
label “Blauer Engel”. 
Introduction
In the last decade, energy efficiency has become an important 
pillar in the international and EU climate change mitigation 
policy (EC 2008, OECD 2014). The respective goals for in-
creases in energy efficiency are linked with the assumption of 
a limitation or reduction of energy demand without disturbing 
economic growth (WCED 1987). The EU has established suc-
cessful instruments such as energy labels and minimum effi-
ciency performance standards for appliances. Energy efficiency 
of a range of domestic appliances covered by the labelling and 
ecodesign directives has improved significantly over the last 
15 years, e.g. BSH (2013) indicates a reduction of power con-
sumption of fridges and freezers by 75 %, of washing machines 
by 63 %, of laundry driers by 72 % and of dishwashers by 50 % 
between 1998 and 2013. 
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This remarkable development results in a broad supply of 
highly efficient products in the highest label categories (A++ 
and A+++) for five product groups (washing machines, fridge-
freezer units, dishwashers, dryers, electric ovens and air condi-
tioners). It proves the approach of the EU-efficiency label to be 
highly successful for the stimulation of energy efficiency im-
provements in the sector of household appliances. A recent ex-
ample for the success is the introduction of the efficiency label 
for vacuum cleaners on the 1st of September 2014. As found by 
dena (2014), the introduction of ecodesign requirements and 
the label stimulated a strong dynamic in the market towards 
efficiency. This becomes evident by the increase in the market 
share of highly efficient vacuum cleaners with 1,200 Watt or 
less. The share quintupled from 5 % in August 2014 to 25 % in 
October 2014. 
As shown, labelling and ecodesign brought about significant 
advances in the energy efficiency. However, as already found in 
previous eceee-papers, these efficiency improvements did not 
lead to significant absolute reductions of power demand in the 
residential sector (Darby  2007, Calwell 2010). A study, con-
ducted by dena (2012), on the effects of the ecodesign directive 
of nine product groups1 on energy demand in Germany esti-
mates a relative conservation of 60 TWh/a in 2020 due to the EU 
regulation compared to baseline projections. However, the same 
study estimates a slight increase of 0.4 TWh/a in the total energy 
demand of these product groups in 2020 compared to 2008. This 
finding is consistent with the development of the total power 
consumption in the German residential sector: It has remained 
relatively constant over the last decade (see Brischke et al. 2015). 
This shows that energy efficiency is only one of the main 
determinants of energy consumption of appliances (see also 
Figure 1), together with:
• The number of appliances: the number of appliances per
household (number of different appliances times equipment 
rates) times the number of households;
• The use patterns of appliances: frequency of use (e.g. using
the dishwasher 6 times a week), settings (e.g. 60 °C cotton
1. Standby and off-mode losses, simple set-top boxes, non-directional household 
lamps, tertiary sector lighting products, external power supplies, electric motors, 
circulators, televisions, domestic refrigerators and freezers.
cycle for washing) and duration (e.g. the television is on (on 
average) 4.5 hours per day);
• The technical characteristics of appliances: the capacity of the
appliance, the efficiency of the power supply or the motor, etc.
Regarding the changes in the number and types of products, 
equipment stock, features of appliances and the use habits in 
private households over the last decades, we assume the follow-
ing points as reasons for the almost unchanged power demand 
level are:
• Inadequate product design due to demographic develop-
ment and consumer needs: increasing sizes of appliances,
but decreasing number of persons per household. 
• Trend of continuously growing technologization of leisure
time, information and communication (e.g. Brischke 2010,
p. 192).
• Increasing number of appliances per household as a result
of a rising number of types of technology and functionality 
options and features (Prognos et al. 2014, p. 193). 
• Equipment stock higher than 100 % (see Figure 2).
• Increasing usage times (trend to a 24/7-society: to be always 
accessible and available).
• Redundant technical features, functions and equipment of
various product groups (e.g. computer, smart phones, smart 
TV, home cinema system): functional divergence instead of 
convergence.
• Product cycles shorter than product lifetimes leading to the 
addition of more efficient equipment instead of substitution 
of less efficient equipment.
• Energy efficiency classification partly based on measure-
ment standards that are inadequate to usual practices of
daily life and average consumer routines by the use of appli-
ances, e.g. washing machines and dishwashers. One prob-
lem is that these inadequate standards may lead to over-es-
timating the energy consumption and thus create too high
expectations in terms of energy savings.
• Misleading product design and marketing strategies of man-
ufacturers and retailers optimized to meet purchase patterns 
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Figure 1. Determinants of appliance energy consumption (source: Siderius, Brischke 2011).
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of consumers, which are not suitable to satisfy adequately 
consumer wishes and needs by the usage of appliances, e.g. 
the increasing motor performance of vacuum cleaners does 
not correlate with an improved cleaning effect.
• More and more complex appliances require typically more
instead of less attention and effort for energy saving usage
by consumers. Examples include: a growing number of
product features are in operating mode and often cannot be 
deactivated, even though they are not needed; the fridge or
freezer part of fridge-freezers often cannot be deactivated
separately; a range of consumer electronics devices have no 
hard-off switch.
These factors show that energy efficiency is only one parameter 
to achieve an absolute reduction of the domestic energy con-
sumption, but efficiency alone does not necessarily lead to this 
reduction. For an effective policy approach, efficiency has to be 
complemented by a sufficiency strategy, which was also empha-
sized in former eceee and aceee papers (Wilhite, Norgard 2003; 
Harris 2006, Darby 2007, Calwell 2010, Müller 2009). 
In the first study (Wilhite, Norgard 2003) it was found that 
efficiency was not sufficient enough for a significant reduction 
of energy demand. The focus on energy efficiency was claimed 
to be a “self-deception” in policy making, as thereby, the atten-
tion is shifted away from the important variable of energy service 
growth. Darby (2007) further specified this approach with the 
elaboration of three energy sufficiency definitions and outlined 
some policy options to address energy service growth (also see 
Section 2). While Müller (2009) started out with the question of 
whether energy consumption is becoming a moral issue, a ra-
tionale for energy sufficiency is developed in his contribution 
to eceee. The rationale for policy in this realm was first picked 
up by Darby, emphasizing the “normative nature of sufficiency”: 
“To adopt sufficiency as a force in policy is to recognize bounda-
ries to a social order and to make normative judgments” (Darby, 
2007). However, Müller argues that sufficiency could be intro-
duced in policy in liberal societies as a measure of “social justice”, 
referring to the principle “not to harm others”. In a study by the 
aceee (Harris et al. 2006), the idea of sufficiency is introduced at 
the appliance level – here termed “consumption-based energy 
efficiency” – and the implementation of variable efficiency in en-
ergy policy and labelling is discussed. Calwell (2010) examines 
this issue further, proposing progressive efficiency specifications 
and absolute sufficiency limits. In this paper, we take these sub-
jects up and develop them further.
Based on the intermediate results of our research project 
“Energy Sufficiency – Strategies and Instruments for a techno-
logical, systemic and cultural Transformation towards a Limi-
tation of Energy Demand in the Consumption Sector Con-
struction and Living”, we present suggestions on how energy 
sufficiency could be enabled by user-adequate appliances and 
how the introduction of such appliances could be supported 
by a further development of the EU labelling and ecodesign 
directives. Therefore, in the following sections our definition 
of energy sufficiency is presented first, followed by an estima-
tion of the maximum effects of an application of sufficiency 
approaches on domestic power consumption. In the third sec-
tion selected results of our empirical explorations for an ap-
plication of energy sufficiency on appliances are presented. The 
next section gives an overview of a first set of design criteria 
for user adequate appliances enabling energy sufficiency. In the 
last section suggestions for the further development of the EU 
labelling policy are given.
Energy Sufficiency – Definition
To date, the most specific definitions of energy sufficiency were 
developed by Darby (2007). Three definitions of the concept 
of energy sufficiency are proposed with ecological sufficiency 
beyond all three: 
Figure 2. Equipment stock for appliances in German households (source: Stat. Bundesamt 2013, bdew 2013).
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1. Carbon sufficiency, as a quantitative approach, is focused
on greenhouse gas emissions. Within such a framework, an 
equitable amount of permissible emissions would be allo-
cated per capita.
2. Energy consumption sufficiency is a more localized ap-
proach with the focus on energy security.
3. Energy service sufficiency focuses on the service provided
by technical equipment requiring energy input.
This growth in energy services (e.g. duration and space lighted 
(see Fouquet and Pearson 2006)) driven by consumptive life-
styles and the emphasis on economic growth is one explaining 
(see Leuser 2014) but in politics widely neglected factor for the 
considerable advances in efficiency not resulting in a reduction 
of energy consumption (Brischke et al. 2015). 
The concept of energy service sufficiency was further de-
veloped within the research project “Energy Sufficiency” and 
Brischke et al. (2015) elaborated a definition of energy sufficien-
cy. In our definition, energy sufficiency is a strategy that aims 
to limit and reduce the input of technically supplied energy by 
a quantitative or qualitative change of utility demanded and / 
or technical service delivered. According to this definition the 
main characteristic of energy sufficiency is a quantitative and/
or qualitative change in the demanded main utility (e.g. clean 
clothes, clean dishes, keeping foodstuffs fresh) and further util-
ity aspects2, and thereby, the delivered technical services (e.g. 
2. We understand utility aspects as such aspects that are minor compared to the 
main utility. They comprise aspects such as comfort, self-expression, status sym-
bol, social affiliation or differentiation, physical activity, health, aesthetics. For ex-
ample, while a side-by-side refrigerator still has the main utility that food is cooled, 
it has further utility aspects such as status symbol, an ice dispenser and maybe 
even internet access. 
washing performance of washing machines and dishwashers, 
cooling volume and temperature of a fridge) by practising en-
ergy sufficiency (see also Fischer et al. 2013). Energy efficiency, 
by contrast, aims to increase the ratio of service output to en-
ergy input while holding the output at least constant.
Sufficiency as a strategy needs to be in line with the require-
ments of sustainable development. This means that it has to 
take into account the complete resource input, effects of tem-
poral and spatial shifts and ecological and social impacts. This 
holistic approach goes far beyond measures that solely aim at 
energy conservation behaviour, which focus on a demand re-
duction without taking into consideration the wider perspec-
tive of sustainable development. Therefore, energy sufficiency 
aims at energy-relevant consumption and household produc-
tion decisions as well as decisions concerning the use of equip-
ment. It also takes into account fundamental changes of ener-
gy-relevant aspects of lifestyles and social practices3.
The technical utility ultimately demanded by consumers and 
the technical service supplied by the appliance depend on a 
causal chain of transformation steps that starts with basic needs 
independently from cultural factors4 (see Figure 35). In each 
step, the basic needs are transformed and concretised. Step 
3. The research field on lifestyles, practices and energy is large but limited length 
does not allow us to expand on it here. Sources for more information are many 
papers in the Panel on Dynamics of Consumption in this and previous eceee Sum-
mer Studies.
4. As basic needs independently from cultural factors we define similar to the basic 
goods of Skidelsky and Skidelsky (2012): health, security, respect, personality, 
harmony with nature, friendship, and leisure. 
5. Within our project, technical service is defined as the properties and functions 
of the technical equipment of a household, which may be potentially useful for 
household members and made available by energy, regardless of whether this 
utility is actually demanded or needed by consumers. It is therefore different from 
the technical utility that is demanded, because the service provided by the equip-
ment could for example be overprovided. 
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Figure 3. Causal chain of transformation from basic needs to technical service supplied, energy sufficiency approaches and points of 
interventions (Brischke, Thomas 2014).
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one to three are from the perspective of the consumer, which 
is highlighted with the terms “needs” and “utility”. In contrast, 
in the fourth step the demanded technical utility is satisfied 
more or less adequately by the technical service supplied by 
appliance. The service and related service aspects depend on 
the characteristics and features of the appliance.
• Step 1: Basic needs (e.g. health) are transformed into con-
crete, culturally influenced demands, needs, and desires
(e.g. fresh food). Both demands and needs often related to
the reliefs that are needed for the care economy. 
• Step 2: Demands, needs, and desires are transformed and
concretised into utility needed (e.g. chilled food) and util-
ity aspects desired (e.g. certain amount of chilled food at
home).
• Step 3: The aspects are then transformed into the demanded 
technical utility (e.g. a refrigerator). 
• Step 4: The demanded technical utility is (more or less ad-
equately) met by the service supplied by the respective ap-
pliance (e.g. fridge volume, cooling temperature). 
The demanded technical utility (step 3) depends on the user, 
whereas the delivered technical service (step 4) depends on the 
appliance.
Within the energy sufficiency strategy, we distinguish be-
tween the three approaches: reduction, substitution and ad-
justment: 
• Reduction of utility needed, utility aspects desired and
thereby the technical utility demanded is a consumer de-
cision. Reduction can be achieved by changes in purchase
decisions (e.g. smaller appliance) or in decisions concerning 
the use of appliances (e.g. watching less TV). The technical
service supplied by the appliance is still available in princi-
ple and in the same form, but the consumption is reduced.
In order to motivate and enable consumers for reduction
information on adequate sizes and service levels to avoid
oversizing of technical household equipment as well as
smaller, flexible and detachable appliances have to be avail-
able. These preconditions should be supported by labelling
and ecodesign.
• Substitution applies to decisions related to consumption
(e.g. purchasing a bicycle instead of a car), technology use
(e.g. using clothes line instead of tumble dryer), aspects of
the provision (e.g. buying more fresh food instead of frozen 
food), and lifestyle (e.g. veganism). Substitution is charac-
terized by a qualitative change in demands, utility aspects
or technical aspects without or with minor quantitative
changes. Nevertheless, these qualitative changes still lead to 
a reduction in energy consumption. 
• Adjustment relates, firstly, to consumption through adjust-
ing the type of appliances, the size and the functions to the
demanded utility and utility aspects. Potential options for
realization are for example sensors or the option to switch
off features. Secondly, relating to the use of technology, ad-
justment means both a qualitative adjustment (e.g. features
that are always switched on but seldom used) and quantita-
tive adjustment (e.g. the cooling volume) to the demanded
utility, either by a conscious user or by the appliance.
The application of these three approaches is based on the indi-
viduals’ conscious decisions in their daily practices, consump-
tion, type of leisure and lifestyle. Important factors, however, 
are political and technological framework conditions that limit 
the effects of drivers for higher energy demand, and enable and 
empower citizens to apply energy sufficiency approaches. Ad-
ditionally, services and infrastructures provided by companies 
and municipalities can influence energy related decisions of 
households as they facilitate and enable citizens to choose other 
options. 
However, it needs to be taken into account that resources 
freed-up when practicing energy sufficient options – e.g. time 
and financial resources – could lead to sufficiency rebound 
effects (Alcott 2008). To close this gap, energy sufficiency re-
quires modifications in the (legislative) framework conditions 
that influence energy relevant decisions of households (Leuser 
2014, Thomas et al. 2015). Additionally, changes in the esteem 
of these alternatives and respective cultural changes need to be 
stimulated. We are aware of these additional requirements and 
structural changes, but concentrate in this paper on the poten-
tials and energy sufficiency on the level of appliances.
In Figure 3, the points of sufficiency interventions with these 
three approaches in the causal chain are illustrated. For exam-
ple, in the case of reduction this could mean that at 1) the de-
sired indoor temperature is reduced (different utility needed) 
due to the insight that a lower temperature is still sufficient. 
This would result in a decrease in the demand of space heat-
ing (and different technical utility demanded). In the case of 
substitution, the desired utility (thermal comfort) is unchanged 
quantitatively while the qualitative aspects are changed and the 
thermal comfort is achieved by using other clothes indoors 
(chain 2). In both cases, an adjustment 3) of the technical ser-
vice supplied (space heating delivered) is necessary. Thereby 
the supplied technical service (space heating) can be reduced. 
To illustrate the application of these strategies further, in the 
following, we present the convergence of appliances and exno-
vation6 as exemplary approaches.
Convergence of Appliances as an Approach for Reduction and 
Adjustment
Reduction may further be comprehended as a reduction of 
redundant features and functionalities. An example is the pro-
vision of adequate input and output devices for smartphones 
such as displays, keyboards, and CD/DVD/Blu-ray-drives. 
Thereby, tablets, laptops and other devices would become ob-
solete – devices that are often used in parallel. This would result 
in a high-quality but at the same time resource-conserving sat-
isfaction of information-, communication- and entertainment 
needs of households. 
Ex-novation as an Approach for Reduction
The increasingly shorter innovation cycles and respective mar-
keting strategies lead to the “need” (more adequately, the desire 
or wish) to own the newest device or appliance. The result of 
this development is an increased number of still functioning 
devices owned by households. These are not discarded but used 
6. Exnovation means the process of eliminating existing (unsustainable) practices 
and products by innovative solutions. Thereby, it is ensured that the innovation is 
substitutive and not additional (Sveiby et al. 2012, p. 157).
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additionally or in parallel to new devices. Adequate design of 
appliances and services would therefore allow the replacement 
of outdated appliances or functions by new ones without lead-
ing to the necessity to own more appliances. This could be re-
alized for example by a modular product design or the com-
pulsory collection of old devices by retailers or manufacturers 
when purchasing a new product. 
Modelling of Energy Savings Potentials
Caused by the necessity of quantifying possible energy saving 
potentials and also investigating and comparing their impact, 
a tool was created for modelling a household’s equipment and 
use patterns and calculating the annual electricity consumption 
of each device. An exemplary, two-person household was mod-
elled. By varying parameters of household equipment and use 
patterns, different approaches of efficiency and sufficiency were 
mapped and the resulting energy saving potentials were calcu-
lated (Lehmann 2013). A caveat needs to be stated: these po-
tentials do not take into account the many restrictions house-
holds may face when they try to live more energy-sufficient (cf. 
Thomas et al. 2015). Therefore, the potentials presented below 
should be understood as maximum theoretical potentials as-
suming, that all of the main electrical applications must remain 
available.
The initial household was based on average power con-
sumption data for the different types of power applications 
in households from STROM.check of Energieagentur NRW 
(see Lehmann 2013). In the next step, we assumed that the 
model household is completely equipped by the most energy 
efficient appliances, but equal in terms of sizes, functions and 
use patterns. The results are therefore maximum theoretical 
efficiency potentials. We assumed that the three energy suf-
ficiency approaches (reduction, substitution and adjustment) 
were implemented consequently in the particular types of 
power applications by transforming the parameters of equip-
ment (volume, size, device properties, equipment stock) and 
use patterns (term, frequency and type of usage). Examples 
are: reduction by decreasing the size of TV; substitution by 
shared community cooking that reduces the frequency and 
thereby the term of usage of stove and oven; and adjustment 
by switching off features not used or required. Table 1 gives 
an overview of the parameter assumptions, more detailed in 
Lehmann (2013). 
In the application field of washing, drying and dish wash-
ing, we found an additional energy saving potential of up to 
80 % generated by sufficiency in comparison with pure effi-
ciency (Table 2), based on the assumptions in Table 1. There-
fore, the energy saving potential of sufficiency is two times 
higher than the potential of efficiency. Similar results were 
Table 1. Assumed parameters for modelling of efficiency and sufficiency in a two-person household without electrical water heating and circulation pumps 
(Source: Lehmann 2013).
cooling	  +	  freezing 2	  separate	  devices 2	  separate	  devices 1	  combination	  unit 2	  separate	  devices 1	  device
190(+5)l/30l 190(+5)l/30l 100l/15l 190(+5)l/30l 100l
efficiency	  class	  B A+++ A+++ A+++ A+++
5°C	  (-­‐12°C)/-­‐22°C 5°C	  (-­‐12°C)/-­‐22°C 5°C/-­‐22°C 7°C	  (-­‐10°C)/-­‐20°C 7°C
1	  month	  off 1	  month	  off
washing	  machine 7	  kg 7	  kg 6	  kg 7	  kg 6	  kg
efficiency	  class	  A A+++ A+++ A+++ A+++
2,25	  uses/week 2,25	  uses/week 2,25	  uses/week 1	  use/week 1	  use/week
60°C 60°C 60°C 40°C 40°C
tumble	  dryer efficiency	  class	  A A++ -­‐ A++ -­‐
1,3	  uses/week 1,3	  uses/week 1	  use/week
3	  months	  off
dish	  washer efficiency	  class	  B A+++ A+++ A+++ A+++
12	  place	  setting 12	  place	  setting 8	  place	  setting 12	  place	  setting 8	  place	  setting
2	  uses/week 2	  uses/week 2	  uses/week 1	  use/week 1	  use/week
cooker	  +	  oven 2,5	  h/week 2,5	  h/week 2,5	  h/week 1	  h/week 1	  h/week
lighting LED
1,7	  h/day 1,7	  h/day 1,5	  h/day 1,5	  h/day 1,25	  h/day
80	  lx 80	  lx 75	  lx 75	  lx 70	  lx
television flatscreen	  80	  cm	  +	  hard	  disk flatscreen	  80	  cm	  +	  hard	  disk flatscreen	  60	  cm	  +	  hard	  disk flatscreen	  80	  cm	  +	  hard	  disk flatscreen	  60	  cm	  +	  hard	  disk
efficiency	  class	  B A+ A+ A+ A+
2	  h/day 2	  h/day 2	  h/day 1,5	  h/day 1,5	  h/day
tube	  TV flatscreen	  51	  cm -­‐ flatscreen	  51	  cm -­‐
set-­‐top-­‐box A+++ A+++
0,5	  h/day 0,5	  h/day 0,5	  h/day
standby	  mode standby	  mode standby	  mode disconnected disconnected
audio stereo	  system stereo	  system -­‐ stereo	  system -­‐
1,5	  h/day 1,5	  h/day 1	  h/day
standby	  mode standby	  mode disconnected
ICT 1	  PC,	  1	  laptop 1	  PC,	  1	  laptop 1	  laptop 1	  PC,	  1	  laptop 1	  laptop
1	  monitor 1	  monitor 1	  monitor
each	  3	  h/day each	  3	  h/day 4	  h/day each	  2	  h/day 2	  h/day
1	  smartphone 1	  smartphone 2	  smartphones 1	  smartphone 2	  smartphone
incl.	  dockingstation incl.	  dockingstation
standby	  mode standby	  mode standby	  mode disconnected disconnected
other … … … … …
combination
incandescent	  bulbs,	  energy	  
saving	  bulbs
efficiencyaverage
LED LEDLED
sufficiency	  in	  equipment sufficiency	  in	  	  	  	  	  	  	  	  	  	  	  	  	  use	  
patterns
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identified in the application fields of cooking and baking as 
well as ICT and consumer electronics. In the application field 
of cooling and freezing, it is possible to generate the same 
energy saving potential of 70 % by both sufficiency and ef-
ficiency.
As a result, Figure 4 shows the possibility of realizing further 
significant energy saving potential by sufficiency in excess of 
the efficiency potentials. Based on the annual electricity con-
sumption of an average two-person household in Germany 
(3,600 kWh/a), the model quantified a total reduction potential 
of up to 75 %, reducing electricity consumption to 680 kWh/a 
in case of maximum efficiency and consequent sufficiency in 
terms of equipment and use patterns of appliances. 
This conclusion, however, is not generalizable to all house-
holds. This is because sufficiency approaches are characterized 
by a high degree of sociocultural boundary conditions, such as 
care economy duties, comfort requirements, financial capabili-
ties, or attendance times. This restricts the actual implemen-
tation of the modelled sufficiency options, thus leading to a 
reduction of the quantified potential.
Transdisciplinary Elements of the Project and Selected 
Results from two Open Innovation Workshops 
Within the research project, we carried out different empirical 
investigations in combination with creative approaches in order 
to recognize and to describe energy sufficiency solutions for a 
wide range of appliances, households and urban infrastructure 
and services. An important aim is to find out where and which 
energy sufficiency approaches are already being applied or ac-
ceptable and to develop new options jointly with consumers 
and experts in a transdisciplinary research process. We carried 
out five interviews with stakeholders on local and communal 
level. Three one-day workshops held with three groups, which 
were identified as so-called Neighbourhood Labs (see Unteidig 
et al. 2013). Within the workshops, the transdisciplinary meth-
od termed Cultural Probe was applied for the field of energy 
sufficiency. Based on these results, twelve qualitative interviews 
complemented by Cultural Probes with household members 
were carried out. Furthermore, two one-day Open Innovation 
Workshops7 were organized in order to get an idea about how 
energy sufficiency could be implemented on appliance level. 
In these workshops, the first four steps of the Design Think-
ing Method (Definition – Research – Ideation – Prototyping) 
were used for the two focus cases of the research project: in-
formation- and communication devices and white goods. Two 
examples of this work are presented below: the combination of 
laptop and smartphone and the cleaning of clothes.
The last step of empirical investigations within the research 
project will be a representative survey by personal interviews 
based on hypotheses derived from the empirical investigations. 
EXAMPLE 1: CONVERGENT INFORMATION AND COMMUNICATION DEVICE 
(COMBINATION OF LAPTOP AND SMARTPHONE)
The smartphone currently provides all technological features 
for typical information and communication activities in the 
form of a mobile device. It is today permanently accompanying 
many people and for most of them indispensable. Because of 
varying tariffs, some have multiple phones for different coun-
tries and/or different purposes (private, work). Compared to 
the smartphone, laptops entail several advantages such as a 
more comfortable in- and output, better computational per-
formance for demanding tasks and higher processing speed. 
Increasingly people desire and facilitate the access to their own 
data at any place and any time. Still, for many, data protection 
is an important issue, as the data handled on smartphones and 
laptops are part of their own privacy. 
Based on these initial conditions, participants of the work-
shops were asked to think about and work out desires and 
wants not fulfilled by modern technology. Further, they were 
asked to address problems they perceive concerning the cur-
rent state of technology development in this sector. These were:
• The long-term availability of the familiar and well-tried de-
sign, features and software. With product cycles becoming
7. In these one-day-workshops, 10–15  participants were present. Participants
were product designers, representatives of manufacturers, consumer advocates, 
citizens, journalists, scientists, marketing psychologists and a representative of 
an energy company.
Table 2. Percentage energy savings of different strategies in particular product groups. (Source: Lehmann 2013, own assumptions.)
average	   Efficiency	  savings	  in	  relation	  
to	  average	  
sufficiency	  savings	  in	  
addition	  to	  efficiency	  
kWh/a	   kWh/a	   %	   kWh/a	   %	  
cooling	  +	  freezing	   513	   363	   71	   102	   68	  
clothes	  +	  dish	  washing	   412	   138	   34	   219	   80	  
cooking	  +	  baking	   340	   47	   14	   209	   71	  
lighting	   270	   226	   84	   16	   36	  
ICT	  +	  consumer	  electronics	   745	   175	   23	   445	   78	  
others	   235	   38	   16	   149	   76	  
total	   3,574	   986	   28	   1,906	   74	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ever shorter, new features and software are added. People 
are curious and want to use these new options. This, how-
ever, often requires the adoption to new hard- and software, 
which is time-consuming and tires users. 
• In many cases, useful software does not work correctly on
new devices.
• Short product cycles force even mindful people to waste
resources.
• Redundancy of features of different devices.
• Increasing complexity due to the large variety of apps, soft-
ware and features. These are often active in the background 
while not being used and with the user not being aware of
the activity.
To address these issues, workshop participants developed the 
following ideas:
• Reduce redundancy by designing devices complementarily
and with the option to combine various devices.
• Only software, features and apps that are often used shall be 
prioritized. Features that are not used shall be switched off 
in the background. However, it shall be guaranteed that the 
previous state can be restored. 
• For interested users, there should be the option to keep con-
trol. Therefore, an easily understandable overview of which 
software features and apps are active is necessary.
With these criteria, the participants developed the idea of a 
“Fab LabTop”. The “Fab LabTop” looks like a laptop consisting 
of its input and output units only, e.g. keyboard, display, speak-
ers, interfaces and power storage (ideally power is generated by 
energy harvesting technologies), which are demountable sepa-
rately. By docking a smartphone, the “Fab Lab Top” becomes a 
modular built laptop whose computer functions are provided 
by the smartphone. This device would combine the advantages 
of the smartphone and the laptop without redundancies and 
therefore reduce significantly both energy and material con-
sumption. The smartphone operating system deactivates soft-
ware that is not used, but keeps it available. The product can be 
manufactured, individually designed and finally recycled with 
3D-printers.
EXAMPLE 2: SUFFICIENT PRODUCT SERVICE SYSTEM FOR HYGIENIC 
CLOTHES (COMBINATION OF HOUSEHOLD CLOTHES REFRESHING 
CABINET AND LOCAL LAUNDRY SERVICE) 
In German households, clothes are washed frequently, without 
the clothes being dirty. The decision is based on social norms 
and routines. As a result, clothes are washed after a certain 
time span of wearing and not because the clothes are deemed 
impure. However, the resource-intensive cleaning process in a 
washing machine is designed for (heavily) soiled laundry. Due 
to labelling, manufacturers are stimulated to reduce water- and 
energy use of the washing program. However, the frequency of 
cycles is not addressed with these labels. The idea of sufficiency 
tries to find approaches for these still unaddressed use patterns. 
The participants developed ideas on what an approach of re-
duction would mean in this case. The changes comprise wash-
ing less frequently and wearing the clothes longer in between 
the washing cycles. High profile role models, such as the CEO 
of Levi Straus & Co announcing that he had not washed his 
Figure 4. Modelled annual electricity consumption of a two-person household according to particular product groups for different energy 
saving approaches (source: Lehmann 2013, own assumptions).
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• The individual tries to find the option with the maximum
main utility and further utility aspects provided by the
product. This utility comprises the satisfaction of the origi-
nal want or desire and preferred side-features such as size
and variety of functions. 
Assumptions about the use patterns:
• The handling should be simple.
• Minimum time requirements for the operation of the de-
vice.
• Preference for a maximum flexibility in size and functional-
ity in order to fit for temporally changing desires and wants. 
Only a small share of all features and functions is used often 
or regularly.
• Users want to keep what is familiar and to try out what is
new, without forgoing what is familiar to them.
• Users do not want to practice actively new energy saving op-
tions when using an appliance, but want information about 
energy demand and respective costs. 
• Disempowerment by technology is rejected. The users want 
to keep control and to be able to intervene. 
A necessary precondition for an adequate use of appliances is 
information and transparency. As shown elsewhere (Leuser 
2014; Darby 2001), information and transparency do not yet 
lead to a change in demand but are important factors that still 
need to be fostered. To enable users to make conscious deci-
sions about the programmes and appliances they use, the pow-
er demand of appliances should be made present in the daily 
lives of users. This would mean displaying the energy demand 
for the program chosen (e.g. washing machine, dishwasher). 
Furthermore, concrete facts need to be presented instead of 
meaningful scales (e.g. a temperature scale for refrigerators and 
freezers instead of a numbered scale with which no clear deci-
sion can be taken). Additionally, handling could be facilitated 
by showing current energy demand (to identify changes) and 
possibly warning signals when energy demand of the appli-
ances is unusually high (i.e. when the refrigerator is left open).
DESIGN CRITERIA FOR ADEQUATE EQUIPMENT OF HOUSEHOLDS FOR 
ENERGY SUFFICIENCY
Design criteria to realize Reduction
To design appliances ready for the reduction strategy, two im-
portant aspects need to be taken into account: (1) The avoid-
ance of super-sizing and (2) of functional redundancies. For the 
implementation of the first aspect, energy-related features and 
characteristics of appliances should be designed in a way to fa-
cilitate the flexible customization to desired reliefs and needs of 
households. As the decision for the reduction approach is taken 
and performed by the user, appliances need to be designed in 
a way that allows users to take this option. Hence, the design 
should allow a maximum of flexibility to fit to the currently de-
sired function and feature (e.g. size of white good appliances). 
To avoid redundancies due to the design of an appliance, de-
vices should have a modular structure and should converge in 
their functions. The modular structure has the added benefit 
that each module can be repaired or replaced when unrepair-
trouser for a year, help to raise awareness and stimulate changes 
in social practices and norms (Yates, Evans 2014). It is, howev-
er, difficult to find ways to stimulate this kind of cultural change 
and daily routines of citizens
Staying with the contemporary desire and concept of clean 
clothes leads to a search for ways of substitution. Two main 
approaches were identified for this strategy. The first one is the 
idea of a new household appliance termed “refreshing cabi-
net”, replacing the washing machine at home when combined 
with a laundry service (see below). This device allows to re-
fresh clothes perceived to be not hygienic enough anymore but 
that are still not soiled. In the box, the clothing is ventilated 
and maybe a bacterial and odour treatment is performed. This 
process reduces the frequency of laundry and related pre- and 
post-processing efforts (sorting, drying, ironing, folding and 
stowing the laundry). The cleaning frequency of clothes can 
remain the same, whereas the amount of laundry to be cleaned 
by washing machines and thereby the related energy and wa-
ter demand can be significantly reduced. At the same time, the 
desire of reducing the time requirements for the laundry pro-
cess would be satisfied. This idea is a substitution approach, 
because the cleaning cycles stay the same, while the hygiene of 
the clothing is accomplished by another procedure with pos-
sibly less energy consumption. The net environmental impact, 
however, would need further research.
For the substitution of the complete laundry with a house-
hold washing machine, the idea of a new service – a local 
laundry shop – was developed. The service is performed by a 
neighbourhood laundry and could include a pickup and de-
livery service (e.g. in combination with the postal service that 
picks up the laundry, when delivering parcels). 
A first set of design criteria for appliances enabling 
energy sufficiency
Based on the results of the above mentioned, empirical in-
vestigations, as well as from other research projects and sug-
gestions from the project team, a design guide for domestic 
products is planned. It will be presented to the participants 
of the manager and produce designer target groups. The de-
sign guide will present and explain criteria for the design of 
domestic appliances enabling energy sufficiency. In this sec-
tion, we provide the first collection for potential design cri-
teria, which are to be elaborated and partly to be tested by 
the survey, which will be carried out this spring, in terms of 
consumer acceptance.
We assume the following general preferences of users for 
household appliances partly derived from statements of the 
workshop participants, partly from own experiences, other re-
search projects and literature.
Assumptions about the equipment with appliances: 
• The idea of and need for buying a new appliance arises from 
a new want or desire that shall be satisfied.
• To satisfy this want or desire, the individual begins to in-
form him-/herself about the technological services supplied. 
Today, these options often entail a wide range of alternative 
products and a variety with regard to different features, sizes 
and functions.
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“which equipment, use patterns, social practices and everyday 
routines are necessary from the perspective of sustainability?” 
The results of this investigation would then influence the defi-
nition of future targets for labelling and ecodesign regulations. 
Our suggestion is that typical use patterns, frequently used pro-
grammes, features and functions have to be integrated into the 
measurement standards and methods. 
SUGGESTIONS FOR THE DEVELOPMENT OF ENERGY LABELLING
To date, the efficiency class is the main information of the en-
ergy label, while the annual energy consumption is only given 
along with other information. The quantitative differences in 
the efficiency classes of white goods are very small and reach al-
ready the limits of measurement tolerances. Thus, the efficiency 
class as a purchase decision criterion is almost ineffective to dif-
ferentiate appliances with regard to absolute energy consump-
tion. A new labeling approach is needed in order to establish 
absolute energy consumption as a purchase decision criterion. 
The absolute energy consumption (e.g. per year) should be the 
main information of the label. The efficiency could be indicated 
as background information. This approach is comparable to the 
current system of food pricing in supermarkets: the price of 
the product is the central indication and the specific price per 
volume or mass unit is given as background information. The 
absolute energy consumption, for example of programs and its 
dependence on device configuration and usage patterns should 
be made transparent by the label information requirements 
(e.g. in the product fiche). This information would be appro-
priate to motivate and enable consumers to look for adequate 
features, sizes and technical services delivered by the appliance 
and thus, to adjust the technical utility demanded to the utility 
needed. 
Furthermore, it is time to make other, now more crucial fac-
tors transparent with the label. These factors include techni-
cal characteristics, functions and use patterns (see Figure 1) in 
order to achieve a steering effect in equipment and, if neces-
sary, use patterns. This is illustrated by the new energy label for 
vacuum cleaners, with the obligation to include the following 
information in addition to efficiency class and average annual 
energy consumption: Dust re-emission class, carpet clean-
ing performance class, hard floor cleaning performance class, 
sound power level. The introduction of such a label in 2014 
made these characteristics of vacuum cleaners transparent for 
customers. Thus, these characteristics depicted on the label 
became purchase decision criteria instead of electrical perfor-
mance. This performance is inappropriate to assess the qual-
ity of cleaning service delivered compared to the main utility 
demanded (cleaning performance) and further utility aspects 
(e.g. low dust re-emission, low sound power level) that should 
be satisfied. 
In order to keep the pull effect of the label, the requirements 
for the highest efficiency class are the most important. Siderius 
and Brischke (2011) therefore propose to reserve the A-Class 
for devices that achieve a yearly net end energy consumption 
of zero or nearly zero, comparable to Passive Houses, or Plus-
Energy-Houses. The energy required by these appliances could 
be extracted from the immediate environment, such as by pho-
tovoltaic or by new energy harvesting technologies that are 
integrated into the device, and should not be counted as end 
energy consumption. This approach is different to the one of 
able. For other product groups, which cannot or only hardly 
be designed in a modular way, small and simple devices, which 
can be combined, could be a solution.
Design criteria to realize Substitution
There is a need for the development, introduction and mar-
keting of products and features that change daily routines and 
social practices towards energy sufficiency and resource con-
servation. An example is the refreshing box presented above. 
Clothes that were worn only briefly and are only slightly dirty 
could then be refreshed by ventilation, or odour and bacte-
rial treatment instead of being washed. Thereby, the clothing is 
cleaned according to consumer wishes, but in alternative, prob-
ably more resource-conserving way. 
Design criteria to realize Adjustment
For the design of appliances that are compatible with the ad-
justment strategy, it is important to implement features that 
adjust the operation mode automatically to the actual needs, 
wants and routines of users. Additionally, users could be re-
lieved of explicit energy saving. This means, for example, the 
automatic adjustment to the desired level of service, such as the 
identification of the pot size, the amount of clothes or dishes 
in respective appliances, the identification or programmable 
deactivation of features or the whole appliance in times when 
they are not used. 
Only a few frequently used standard programs and functions 
should be pre-programmed, and they should be energy- and 
resource-saving. Nevertheless, the variety of options should be 
kept available, but deactivated in order not to waste resources. 
The handling needs to be simple.
In some cases, it might even be reasonable to set this deacti-
vation as a default, as with routers during the night, for exam-
ple, when most households do not demand internet services. In 
case deactivation is not possible due to user demands, a sleep 
mode (e.g. for printers), or the turn down of performance levels 
should be activated after a certain timespan or after reaching a 
certain event. Features that are rarely or not used at all should 
be automatically deactivated. Another aspect of adjustment is 
the automatic avoidance of improper and resource-wasting 
use, which may be achieved through features such as a closing-
mechanism of refrigerator and freezer doors, an automatic dos-
ing of detergents or defrost function.
Suggestions for the future development of energy 
labelling and ecodesign
GENERAL SUGGESTIONS FOR THE DEVELOPMENT OF THE ENERGY LABEL 
AND ECODESIGN REGULATIONS
The future energy label and ecodesign requirements should fo-
cus on informing, supporting and enabling consumers in order 
to realise absolute reductions of energy consumption. Future 
preparatory studies should investigate the product character-
istics in terms of their effect on absolute energy consumption. 
Additionally, an investigation of common use patterns of ap-
pliances should be carried out. Furthermore, the analysis has 
to be carried out from the perspective of sustainability. This 
means that the starting point of the analysis is to assume the 
reduction goals as set. This would lead to posing the question of 
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Requirements related to the design of appliances to handle adjustment 
• Equipment should be designed such that functions and fea-
tures only consume energy, when they are in use. Functions 
and features not used should never cause energy consump-
tion. An existing example are refrigerators and freezers that 
have to turn off the express freezing function automatically
either when a maximum temperature of -32 °C is reached
or after 65 hours at the latest according to the label “Blauer
Engel” (RAL 2013b). 
• It should be required that only a few of frequently used en-
ergy and resource optimized standard programs and func-
tions should be pre-programmed. 
• Requirements should contribute to the development of
resource-intelligent appliances, i.e. appliances that recog-
nize the routines and use patterns of its users and the condi-
tions of the usage environment. Based on this information,
their services delivered are optimized under the premise of
a minimal use of resources automatically (e.g. automatic
brightness adjustment of monitors). The requirement for
washing machines to include an “auto half load” feature
that automatically reduces water and energy consumption
when it is not fully loaded by the label “Blauer Engel” is an
example for this kind of requirement.
• It should be obligatory to equip appliances with functions
for automatic detection and correction of improper use,
which leads to significant increase in energy consump-
tion (e.g. automatic closing of a refrigerator door when not
closed properly). If this is impossible, they should have at
least corresponding warning systems.
The suggestions summarized here are based on the interme-
diate findings of the project for a complementation of the al-
ready achieved advances by energy efficiency increases. The 
aim should be an absolute reduction of power demand in the 
residential sector to a sustainable level.
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